SUMMARY Cell suspensions were prepared from fresh and paraffin embedded samples of lymph nodes from nine patients with non-Hodgkin' s lymphoma. DNA flow cytometry was performed on these samples and the results from fresh tissue compared with those from paraffin embedded material. Results were compared in terms of DNA index (as a measure of aneuploidy) and S phase fraction (as an indication of proliferative activity). Good agreement was found between the results from the samples prepared by the two methods. The quality of DNA flow cytometry from paraffin embedded material was comparable with or better than that from fresh samples.
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DNA flow cytometry is a technique that allows the recognition of cells with abnormal deoxyribonucleic acid (DNA) contents (aneuploid cells) within a population. This method also gives an indication of the proliferative activity of the cell population by allowing the estimation of the fraction of cells synthesising DNA (S phase fraction). In many types of tumour these two variables have been found to correlate with the histological grade of the tumour and to be useful prognostic indicators. In some cases they may also give information about the probable response to particular types of treatment' 2: in non-Hodgkin' s lymphoma a correlation has been shown between increasing histological grade and either the presence of aneuploid cells or a high fraction of proliferative cells.25
These studies of flow cytometry were performed on cells obtained from fresh tissue samples. Obtaining samples of fresh tissue can present practical and logistic problems and may sometimes conflict with the demands of routine pathology. Recently, a method was described that enables DNA flow cytometry to be performed on cells obtained from archival paraffin embedded blocks.6 The method allows histological samples taken over past years to be analysed retrospectively. This is a distinct advantage if, for example, rare types of tumour are being studied or if changes in DNA content during clinical progression of a tumour are being sought. The aims of the work described in this paper were to check the quality of results obtained for non-Hodgkin's lymAccepted for publication 6 June 1985 phoma by this method and to compare the DNA indices (a guide to the presence of aneuploid cells) and S phase fractions calculated from fresh and paraffin embedded material. We ringer Mannheim, West Germany) at a final concentration of 1 ,ug/ml in the presence of 0-2% Triton-X100.
PREPARATION OF CELL SUSPENSIONS OBTAINED FROM PARAFFIN EMBEDDED MATERIAL
This method is based on that described by Hedley et a!6 with only a few modifications. Briefly, 30 ,um paraffin sections were dewaxed in xylene and rehydrated through a series of alcohols (100%, 95%, 70%, and 50%) into distilled water. The sections were then treated for 30 minutes at 37°C in a 5 mg/ml solution of pepsin (Sigma, Dorset, England) at pH 1*5. The resulting suspension was spun at 2000 rpm for three minutes and resuspended in 5 ml of Isoton (Coulter Electronics, Luton, England) containing 1 ,ug/ml DAPI. As will be discussed below, for most studies the suspensions were passed through a 25 gauge needle before filtration through 35 ,um pore nylon gauze. length 360 nm), and fluorescence in the blue region of the spectrum (peak 490 nm) was collected. To construct each DNA histogram 10 000-15 000 cells were scanned and the data stored on disc for subsequent analyses. The DNA index-that is, the position of any aneuploid peaks relative to the normal GI peak-was determined; a DNA index of 1-0
indicates the presence of diploid cells alone. In addition, the percentage of cells with S phase DNA contents was calculated by the method of Baisch et al.7
Results
Early in this study we realised that cell suspensions from paraffin sections had a variable amount of residual clumping. To remove these clumps the cell suspensions were passed through a small gauge needle. In addition to removing aggregates of whole cells this procedure had an effect on the calculated S phase fractions (Table 1) . Initially, we had noted that estimates of S phase fraction from paraffin embedded material were consistently and significantly higher than those estimated from fresh tissue samples. After needling, however, S phase estimates from paraffin material became similar to those from fresh tissue samples and were no longer significantly different from them (paired t test). Subsequently, suspensions were needled routinely. The quality of results obtained from the paraffin material compared favourably with that from fresh tissue samples as judged by the coefficient of variation of the GI peaks ( Table 2 ). The figure gives a comparison of histograms from fresh and paraffin material from the same lymph node (case 7). Clearly, there was good agreement between the two histograms. Table 2 also gives the DNA indices calculated from fresh and paraffin material. Five tumours were classified as low grade non-Hodgkin's lymphoma (cases 1-5). Apart from case 5, these tumours had low S phase fractions, and all were diploid. Four tumours (cases 6-9) were high grade non-Hodgkin's lymphoma and had higher S phase fractions, although only case 7 had an aneuploid DNA content (Figure) . In this case a clear aneuploid population of cells was seen in both fresh and fixed samples. In none of the nine cases was there any difference in DNA index for samples prepared by the two methods.
Discussion
The preliminary results obtained from the fixed material agree with earlier published data on nonHodgkin's lymphoma2-5 in that higher grade lymphomas tend more often to be aneuploid and have higher S phase fractions. (Figure) .
In our opinion, therefore, the low incidence of aneuploidy in this small series is most probably due to the effects of patient selection rather than false negative results. This interpretation is supported by the fact that aneuploidy was more common in a much larger and more representative series of non-Hodgkin's lymphoma (unpublished data).
The apparent reduction in calculated S phase fractions (Table 1) seen after needling cell suspensions may have a simple explanation. We have shown that this procedure reduces the incidence of clumps of whole cells. When suspensions are prepared from thick sections of tissue, however, there will be fragments of cells (from the cut surfaces) as well as whole cells. It may be that using a needle also breaks up clumps composed of mixtures of whole and part cells; such clumps may have intermediate DNA values falling in the S phase region. These would increase the calculated S phase fraction artefactually, and their removal would give a more accurate assessment of the true S phase fraction.
In general, we think that DNA flow cytometry of suspensions from paraffin embedded samples of non-Hodgkin's lymphoma gives a reliable and accurate assessment of both DNA index (aneuploidy) and S phase fraction. We are using this technique to investigate a much larger series of non-Hodgkin' s lymphoma and other tumours.
